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SPECIFICATION 
1 . Title of the Invention 
THIN FILM TRANSISTOR 

2 . Claims 

1. A thin film transistor in which a MIS type electric 
field effect transistor is formed in a semiconductor active 
layer formed on an insulating surface of a substrate at least 
whose surface is an insulating substance, 

characterized in that a gate electrode of the electric 
field effect transistor is constituted by one kind of simple 
substance material among molybdenum (Mo) , tantalum (Ta) , 
titanium (Ti) , platinum (Pt), palladium (Pd) and copper (Cu) 
or an alloy material of these. 

2. A thin film x transistor set forth in claim 1, 
characterized in that the gate electrode has a silicon nitride 
(SiN) film on the gate electrode as an inter-layer insulating 
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film . 

3. A thin film transistor set forth in claim 1, 
characterized in that the gate electrode has a gate insulating 
film below the gate electrode, and at least a gate electrode 
side of the gate insulating film is constituted by a silicon 
nitride (SiN) film. 

4. A thin film transistor set forth in claim 2 or 3, 
characterized in that the silicon nitride (SiN) film is a plasma 
CVD-SiN film. 

3. Detailed Description of the Invention 

[Industrial Field of Application] 

The present invention relates to a thin film transistor 
applied to an active matrix liquid crystal display constituting 
a large area, and the like- More detailedly, it relates to 
a thin film transistor capable of being formed by a low 
temperature process lower than a strain point temperature of 
glas s . 
[Prior Art] 

In an active matrix system which is becoming the 
mainstream of a large screen and high resolution liquid crystal 
display, it is necessary to form the thin film transistor on 
a transparent substrate. As an active layer of this thin film 
transistor, although an amorphous silicon and a 
polycrystalline silicon are used, the polycrys talline silicon 
is desirable in view of an operating speed and the like. 
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However, many dangling bonds exist in the polycrystalline 
silicon, and these form a localized level in a forbidden band, 
thereby making a threshold value voltage high. This localized 
level is somewhat decreased by a heat treatment, but only by 
this it is insufficient. Therefore, there has been performed 
an attempt to decrease the localized level by causing hydrogen 
atoms to bond with the dangling bonds ( hydrogenation ) . As this 
method, there have been adopted a hydrogen plasma anneal, a 
hydrogen ion implantation, a diffusion from plasma CVD-SiN:H, 
and the like. 

[Problems that the Invention is to Solve] 

However, although a certain degree of effect is 
recognized in any of the above methods, it is insufficient yet, 
and it is the present situation that the threshold value voltage 
is high. 

As one of causes for the fact that a sufficient effect 
is not obtained by the hydrogenation mentioned above, there 
is raised the fact that a gate electrode located just above 
an active layer channel region to be hydrogenated hinders a 
transmission of the active hydrogen. As the gate electrode, 
the polycrystalline silicon is usually used, and it is 
considered that the localized level in this gate 
polycrystalline silicon hinders the transmission of the 
hydrogen and robs the hydrogen of its activity. Therefore, 
there has been performed an attempt to enhance a transmittance 
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of the active hydrogen by means of decreasing the localized 
level by making the gate polycrystalline silicon into a thin 
film or increasing its quality. However, there is a problem 
that a gate wiring resistance becomes high in making the thin 
film and, also as to the increase in its quality, there is a 
limit in effect for the low temperature (lower than the glass 
strain point) heat treatment. Besides, also as to silicide 
such as MoSi 2 and WSi 2 , the transmission of the active hydrogen 
is hindered owing to its silicon component. Therefore, it is 
considered that it is effective to use in the gate electrode 
a simple substance or an alloy of metal(s) having a high 
hydrogen transmittance (Mo, W, Ta, etc.). However, there is 
a problem that the simple substance such as Mo, W and Ta is 

liable to be oxidized and reacts with oxygen even at 400°C or 
lower, so that an oxide is generated. 

The present invention has been made in order to solve 
the problem mentioned above, and its object is to provide a 
thin film transistor having a structure capable of obtaining 
a high efficiency when performing the hydrogenation to the 
polycrystalline silicon constituting the active layer. 
[Means for Solving the Problems and Its Action] 

In order to achieve the above object, the present 
invention is a thin film transistor in which a MIS type electric 
field effect transistor is formed in a semiconductor active 
layer formed on an insulating surface of a substrate at least 
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whose surface is an insulating substance, wherein a gate 
electrode of the electric field effect transistor is 
constituted by one kind of simple substance material among 
molybdenum (Mo), tungsten (W), tantalum( Ta ) , titanium (Ti) , 
platinum (Pt), palladium (Pd) and copper ( Cu ) or an alloy 
material of these. 

That is, in the present invention or its embodiment, as 
a material of the gate electrode, there is used a simple 
substance of the metal having a high hydrogen transmittance 
such as molybdenum (Mo), tungsten (W), tantalum ( Ta ) , titanium 
(Ti) , platinum ( Pt ) , palladium (Pd) and copper (Cu) or the alloy 
material of these, and a periphery of the gate electrode (an 
inter-layer insulating film and a gate insulating film) is 
formed by a silicon nitride (SiN) film. 

Like the present invention, by means of forming the gate 
electrode by a material having a high hydrogen transmittance, 
it is possible to increase a hydrogenation efficiency of an 
active layer channel portion, and an oxidation at a heat 
treatment time (activation anneal) is prevented by means of 
forming the periphery of the gate electrode by the silicon 
nitride (SiN) film. According to a plasma CVD method, the 
silicon nitride (SiN) film can be formed at low temperatures 
( 150 - 400°C ) , the oxidation at a film forming time is prevented, 
and the hydrogenation efficiency is also improved because 
hydrogen contained in the silicon nitride (SiN) film becomes 
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a supply source of the hydrogenation . 
< E mb o d im e n t > 

Next, one embodiment of the present invention is 
detailedly explained by referring to the drawings. 

Hereunder, as one embodiment of the present invention, 
a manufacture of a polycrystalline thin film transistor by a 
low temperature process is detailedly explained, but the 
present invention is not limited to following embodiment. 

Fig. 1(a) — Fig. 1(f) are sectional views showing 
manufacturing processes of the polycrystalline silicon thin 
film transistor forming a MIS type electric field effect 
transistor . 

First, a Pyrex glass substrate 1 which is an insulating 
substance was subjected to an organic cleaning or an acid 
cleaning, thereafter a polycrystalline silicon thin film was 
vapor-deposited in a film thickness of 500 A onto the substrate 

1 by a vacuum evaporation method, and an active layer portion 

2 was formed by performing a patterning as shown in Fig. 1(a) . 
Subseguently , as shown in Fig. 1(b), a silicon oxide film 3 
was deposited in 500 A at 420°C by a normal pressure CVD method, 
and thereafter a silicon nitride film 4 was deposited in 500 
A at 3 00 C C by a plasma CVD method, thereby forming a gate 
insulating film. Next, as shown in Fig. 1(c), a simple 
substance molybdenum (Mo) was deposited in 1500 A by a sputter 
method, thereafter a gate electrode 5 was formed by performing 
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a patterning, and boron ions (-'-B~) were implanted by 2 x 10 15 /cm 3 
at 3 5 keV, thereby forming source and drain portions. 
Subsequently, as shown in Fig. 1(d), a silicon nitride film 
6 was deposited in 1000 A at 300°C by the plasma CVD method, 
and thereafter an anneal was performed for 1 hour at 550°C in 
a nitrogen atmosphere, thereby performing an activation of the 
implanted impurity. On this occasion, since the gate 
electrode 5 is covered in its periphery by the silicon nitride 
films 4 and 6, it is not oxidized also by a residual gas. Next, 
as shown in Fig. 1(e), a silicon nitride film 7 was deposited 
in 4 000 A at 3 00°C by the plasma CVD method, and contact holes 
8 and 9 of the source and drain portions were perforated. 

Subsequently, as shown in Fig. 1 (f), an AlSi was 
deposited in 5000 A by the sputter method , and thereafter source 
and drain electrodes 10 and 11 were formed by performing the 
patterning. Finally, contacts of the AlSi at the source and 
drain portions were taken by performing an anneal at 440°C for 
3 0 minutes and hydrogen in the silicon nitride film 7 was 
diffused ( hydrogenated ) into the active layer, thereby 
completing a thin film transistor. 

The thin film transistor produced in such a manner as 
mentioned above is made a sample A. In order to compare with 
the sample A which is one embodiment of the present invention, 
there was produced a thin film transistor in which a 
polycrystaliine silicon, of 1500 A in thickness, formed by the 



aforesaid vacuum evaporation method is used in the gate 
electrode, and this was made a sample B. On this occasion, 
other processes are the same as those in the embodiment 
mentioned above . 

Fig . 2 shows characteristics of gate voltage versus drain 
electric current of the above samples A and B. Incidentally, 
a channel length and a channel width in these thin film 
transistors are both 10 um, and a bias voltage of the drain 
with respect to the source is -2 V. 

As apparent from Fig. 2, it is understood that a 
hydrogenation efficiency is enhanced by using the molybdenum 
(Mo) having a high hydrogen transmittance as the gate electrode, 
so that characteristics are improved such that a rise of drain 
electric current becomes rapid and ON electric current 
increases. 

Incidentally, in the embodiment mentioned above, the 
molybdenum ( Mo ) s imple subs tance was used as the gate electrode , 
but the present invention is not limited to this, and a simple 
substance such as W, Ta, Ti, Pt , Pd, Cu or an alloy of these 
may be used. Besides,, in the embodiment mentioned above, 
although the silicon nitride film was formed at 300^0 by the 
plasma CVD method, since it is required that the gate electrode 
is in a temperature range in which it is not oxidized and 
hydrogen is abundantly contained in the silicon nitride film, 
it is necessary to form the film at 400°C or lower, and desirably 
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it is preferable to form the film at 250 - 3 50°C. 
[Effect of the Invention] 

As mentioned above, according to the present invention, 
when forming the thin film transistor onto the substrate, such 
as the glass substrate, whose surface is the insulating 
substance, it becomes possible to form it without oxidizing 
the gate electrode having the high hydrogen transmittance, so 
that it is possible to enhance the hydrogenat ion efficiency 
and improve transistor characteristics. By this, it becomes 
possible to manufacture the thin film transistor having 
excellent characteristics, so that an application to a liquid 
crystal display element and the like is expected. 
4. Brief Description of the Drawings 

Fig. 1(a) to Fig. 1(f) are views respectively showing 
a section in each manufacturing process of a thin film 
transistor as one embodiment of the present invention, and Fig. 
2 is a comparison view comparing characteristics of thin film 
transistors of the embodiment and a conventional example. 

1 ••* insulating substrate (Pyrex glass), 2- --active 
layer (polycrystalline silicon), 3- --gate insulating 
film( silicon oxide film), 4- --gate insulating film (silicon 
nitride film), 5- --gate electrode (Mo), 6 •-- oxidation 
preventing film (silicon nitride film), 7 - - - inter-laver 
insulating film (silicon nitride film), 8- --source portion 
contact hole, 9- --drain portion contact hole, 10- --source 
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electrode (AlSi) , 11 •••drain electrode (AlSi), 
A- • - characteristic in case that Mc is used in the gate electrode, 
B •-• characteristic in case that the polycrys talline silicon 
is used in the gate electrode. 

Representatives Tsuyoshi Sugiyama, patent attorney 
(and one other) 
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FIG. 1 

2 POLYCRYSTALLINE SILICON THIN FILM 
1 PYREX GLASS SUBSTRATE 

4 SILICON NITRIDE FILM 

3 CVD SILICON OXIDE FILM 

5 GATE ELECTRODE 

6 OXIDATION PREVENTING FILM 

8 CONTACT HOLE 

9 CONTACT HOLE 

7 INTER-LAYER INSULATING FILM 

10 SOURCE ELECTRODE 

11 DRAIN ELECTRODE 

FIG. 2 

(a) DRAIN ELECTRIC CURRENT 

(b) GATE VOLTAGE 
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